This paper analyzes performance of MEGACO (Media Gateway Control Protocol) 
Introduction
Traditionally, people were trying to dial their Internet Service Providers (ISPs) by providing their ID and password to an access server, which then authenticated the user before granting Internet access. In most cases, a user's credential information is not stored directly in the access server, but in a more secure location such as a Lightweight Directory Access Protocol (LDAP) server behind a boundary firewall. Therefore, a standardized protocol is required between the access server and the user information repository in order to exchange authentication, authorization and accounting-related information. The RADIUS protocol was designed to provide a simple, but efficient, way to deliver such AAA capability [1] . The Diameter protocol has been under development for the past 3.5 years by many vendors and Service Providers including 3Com, Sun, Ascend, Merit, Nortel, MCI and many others [2] . In this paper, the Diameter protocol is used for this purpose.
Literatura Review
Wu et al. [4] analyzed the queuing delay and queuing delay variation using embedded Markov chains in a M/G/1 queuing model. Our work, by contrast, analyzes performance under varying service rates and network delays of an end-to-end native MEGACO which follows from Diameter server. Lipson [5] presents an approach for using model checking of Markov Reward Models to analyze properties of a simple SIP (Session Initiation Protocol) network. The focus is on transient properties related to the number of jobs processed prior to system failure or system repair. Rewards were expressed as simple rates of incoming requests for call setups .Gurbani and et.al [6] came up with an analytical SIP based performance and reliability model, in which they primarily considered the mean response time and the mean number of calls in the system. They modeled a SIP proxy server as an open feed forward queuing network and analyzed the queuing delay and queuing delay variation using embedded Markov chains in an M/M /1 queuing model for Performance and Reliability in SIP network. Kumar and et.al [12] analyzed the queuing delay and queuing delay variation using embedded Markov chains in a M/M /1 queuing model and M/M/c queuing model of the SIP Proxy Server. In this paper, MEGACO network call flow is modeled by Diameter protocol and queuing M/D/c and M/M/c models is obtained by propagation delay in MEGACO network.
Diameter Protocol
Since created in 1995, RADIUS has been used to provide authentication, authorization and generate accounting information for dial-in users. However, it does not support roaming users efficiently and is not designed to support emerging QoS (RSVP, IntServ, and DiffServ) services. In March 1998, the IESG) Internet Engineering Steering Group ( decided to close the RADIUS WG in order to open the way for a more flexible protocol for AAA services. Designed by Pat Characterizing MEGACO Security in the presence Diameter Server Pedram Hajipour, Kolsoom Abbasi Shahkooh Calhoun in 1996, it provides AAA for roaming users. In August 1998, a new BOF) Beginning Of File ( was created to design a new AAA protocol (RFC3539) [3] .
As it has been shown in Figure 1 , Diameter protocol consists of two parts: -Base Protocol: provide secure communication among Diameter entities, feature discovery, and version negotiation.
-Extensions: Build on top of the base protocol to provide specific services [3] , [ 6] , [8] . The Diameter protocol was used for causing security and management by a MEGACO call flow .As indicated in Figure 2 , for different purposes, Diameter protocol has defined several types of Diameter Commands. In these commands, capability negotiation or a mandatory/non-mandatory is described for attributes [1], [6] . 
Call Flow Scenario
As seen in Figure 3 , a new call flow in MEGACO network was introduced by Diameter protocol which it causes security between MGCs and ultimately it was surveyed by queuing model.
In general we do not like to wait. But reduction of the waiting time usually requires extra investments. To decide whether or not to invest, it is important to know the effect of the investment on the waiting time. So we need models and techniques to analyze such situations.
Queuing models are particularly useful for the design of this system in terms of layout, capacities and control.
We use the M/M/1 queue model to analyze MEGACO and Diameter server call setup scenario. The traffic model is considered in each process requiring information processing. As illustrated in Figure 4 , this model has been considered for establishing a call between the Media Gateway with security Mechanism caused by Diameter protocol. Diameter protocol is a protocol to create security way. This process begins with a Notify Request from MG1 to MGC to establish a call. For this purpose MG1 sends Off-hook signal to MGC and then MGC sends Notify Reply for MG1. 
Design MGCs, MGs and Diameter Server of Traffic Model
Most researches about MEGACO based on VoIP are focused on engineering principles, protocol definitions, enhancement and other improvement [10] , [11] . A few research works are done in the area of performance modeling of MEGACO. Here we propose analytical M/M/1 models which there are 15 successive queues in order to process various MEGACO packets with deterministic service time. They primarily considered the mean response time and the mean number of jobs in the system to analyze performance and reliability of MEGACO protocol. Mean response
time of a MGC is the difference between the time it takes for an NOTIFY Request sent from MG1 to reach MGC until the final response is sent by MGC to MG1. Mean number of jobs is defined as the mean number of sessions that are currently in the system. They modeled a MEGACO as an open feed forward queuing network. [12] , [17] . In Eq.
(1), mean number of calls N (random variable) in
J=14 is the number of stations in the queuing model. Q is the one step probability matrix corresponding to the queuing model; that is, Q [i, j] the probability that a job departing station i goes to station j. The mean response time for calls is by Little's law R=N/λ. They assumed the service rate is fixed at 0.5ms −1 and the arrival rate at 0.3 ms −1 [7] . The new implementation is based on a single queue with multiple servers, and each packet is run through the entire processing before the next one is picked up. In other words, the entire processing for one packet is performed in one thread of execution. This is exactly amenable to modeling by an M/M/c queue, where c represents number of threads used and it is a constant value [12] .
In Eq. (3) and Eq. (4) , The mean response time and the mean number of calls for the M/M/c queuing based MEGACO model can be obtained from any standard work [13, 14] and are as follows: The mean response time, mean number of jobs and server utilization data were provided by appropriate input values such as λ, μ and c (only in case of M/M/c). We considered c = 3 (number of threads) in our M/M/c model calculations [12] .
In Eq. (6) and Eq. (7) , The mean response time and the mean number of calls for the M/D /c queuing based MEGACO model can be obtained from any standard work [18,19,20,] and are as follows:
Where is the coefficient of variation. is zero for the deterministic distribution M/D/c queue.
M/M/1 based MGC and Diameter Model
We consider the analytical model proposed by Gurbani et al [7] and its consequences to assess the advantages of queuing model. In this work, the MGC and COPS is modeled as an open feed-forward queuing network with incoming NOTIFY Request message from MG1 as arrival calls, and there are sequence of fourteen M/M/1 based queuing stations that corresponds to each MEGACO message as shown in Figure 5 . 
Calculated results in MEGACO network with Propagation delay
We consider former assumptions which mentioned in this paper and assume μ= 0.5 in order to calculate system's mean response time with publication delay varying between 0 -10 ms where the distance between MG and MGC is 0 -1000 miles ( Figures 5,6,7,8,9,10 ). 
Performance Model for Multiple MGCs
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We extend the model and analysis in two ways: first, to host running multiple MGCs for scalability, and second, to a network of MGCs [7] , [12] , [21] , [22] .
Therefore, we provide Performance results for a multi-server host. We extend the model of Figure 10 for queuing networks with the same structure, but with each M/M/1 queue replaced by M/M/c and M/D/c queues. The equations for computing the mean response time and mean number of jobs in system are standard [7] . (Figures 10, 11) represent the performance results for the model of Figure 11 with M/D/c and M/M/c queues, where the number of servers(c) is varied between 3 and 10, and the propagation delay is set to zero. The lower bound of 3 servers correspond to the minimum number of servers needed to ensure that the queuing network is stable. (i.e. 0.3 Notify ms -1 ), the mean response time to process requests can grow significantly even under small changes in the service rate [7] , [21] , [22] . As it has been shown in Figure 12 , the reliability metrics of interest for the MGCs are the steady-state system availability and the probability of call setup delay (i.e. loss of MEGACO call requests). A standard reliability was developed by a model for the MGC. The reliability model is then combined with the queuing performance model of Section 6 to predict the probability of call setup delay versus number of subscriber. For this analysis, we used the hierarchical reliability and perform ability models and associated closed form expressions for computing availability and loss probability presented in [22] , [23] . 
Conclusion
In this paper, based on the measurements and analysis, the MEGACO protocol was presented with presence Diameter protocol and then it was modeled by M/M /1 queuing model for assessment traffic network. With the analytically results, we has shown that the mean response time, mean number of jobs and server utilization factor of the M/M/c and M/D/c models can produce a more predictable model with significant performance improvements and also met the ITU-T standards [15] , [16] . In future, we intend to extend our work with considering multiple Media Gateway Controllers located in various remote locations and carrying out a comparative study of performance effects when network delays are introduced into these models.
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